Abstract. Lubricant greases from renewable resources are considered as an alternative to those manufactured from mineral or synthetic oils, due to their close-loop supply chain. Low toxicity makes them prone for machinery in food industry. The goal of the present study was to find the optimum parameters for their manufacture from some vegetable oils and calcium stearate soap synthesized in situ. The effect of synthesis temperature (between 80-110 o C) and soap concentration (between 15-25% wt.) on the rheology and consistency of the products was studied. The optimum manufacture resulted to be 100 o C and soap concentration between 20-25% wt. The conclusions of these study can serve as a basis for improving the said greases through additivation.
Introduction
The use of renewable resources and the design of environmentally conscious products in close-loop supply chains [1] are of greatest importance due to their positive impact on the natural environment. Therefore, it is a challenge for industry not only to develop new products with good properties, but also to improve them from the environmental point of view [2, 3] .
Common lubricating greases are suspensions of fatty acid soaps of Li, Ca, Na, Al or Ba in mineral or synthetic oil [4, 5] with improved structure due to specific manufacture conditions. According to some studies [6, 7] , a more biodegradable lubricating greases formulation can be obtained just by replacing the mineral oil, which is the main component (70 -95% wt.), with a vegetable one.
In comparison with mineral oils, traditionally employed in greases formulation, vegetable oils have different physical-chemical and tribological properties due to the presence of triglycerides in the chemical composition [8] . Vegetable oils have many advantages, such as low toxicity, low volatility (related to high flash points), good lubricity and ability for adhering to metal surfaces, and small viscosity-temperature variation [9] . But vegetable oils also present certain disadvantages, for instance poor oxidative stability, low-temperature bad performance, and high costs [9, 10] . Some of disadvantages can be mitigated through chemical or thermal modification [11] [12] [13] and by additivation [14] [15] [16] [17] .
A preliminary study [18] , proved that some vegetable oils (corn oil and palm oil) are promising raw materials for lubricant greases but a more extensive study must be carried on to establish the effect of the manufacturing temperature on their rheological behavior and consistency. This was performed in the study presented in the following. 
Experimental

Materials
Synthesis of the greases
The vegetable oil, stearic acid and Ca(OH)2 were loaded together in the vessel, heated up to 80 or 100 or 110 o C, in proportions indicated in Table 1 , to obtain batches of 100 g. The mixture is maintained under agitation for one hour, time enough to complete the saponification reaction, then it is allowed to cool slowly. This way, 18 samples of greases were prepared, corresponding to soap concentration of 15%, 20% and 25% wt. for each type of oil, at three different process temperatures: 80 o C, 100 o C and 110 o C, respectively. The samples were characterized at temperature in range 20 -50 o C, both with increasing and decreasing shear rate (in range of 9.97 -4500 s -1 , corresponding to 2 -964 rotations per minute).
The rheological reports containing the variation of shear stress vs. shear rate were provided by the software included in the rheological system. Every curve was built in 100 points.
Penetration tests.
The penetration indexes of greases samples were determined with Romanian standard STAS 42 -68, using a Richardson Cone Standard Penetrometer and converted to NLGI grades [19] this system classifying the consistency of greases in rank from 000 to 6 grade.
Results and discussion
The base greases were obtained by the procedure described in Section 2.2 at 80 o C, 100 o C and 110 o C, in order to observe the influence of synthesis temperature on their characteristics.
Variation of greases density with temperature
The density at different temperatures is required for dynamic viscosity calculations [20] . Also, the variation of grease density with temperature indicates the degree of soap dispersion in the final product.
In Table 2 , the densities at 40 o C of greases manufactured at 100 o C from corn oil and palm oil are compared, for soap dispersion estimation. In Table 2 , one can observe the decrease of density with soap concentration increasing, indicating that the crystalline soap net formed during synthesis has a lower density than the base oil. The exception from this tendency is the density of the palm oil grease containing 25% wt. soap which is higher than that of grease containing 20% soap. This indicates that the soap net suffered a compaction because the soap concentration may be too large.
All greases density was measured at 20 o C, 30 o C, 40 o C, 50 o C and 60 o C. As expected, all greases samples exhibit a decrease in density values with the increase of temperature. For all manufacture temperatures and all soap concentrations, the slopes of the density variation curves were distinctly higher for the grease made of corn oil. For example, the slope of the density variation curve for the corn based grease with 20% wt. soap was -2.03 kg‧m -3 ‧ o C -1 and that for similar palm based grease was -0.65 kg‧m -3 ‧ o C -1 . Low slope indicates a good dispersion of soap in oil during the manufacture process. Therefore, one can conclude that the soap is better dispersed in palm oil than in corn oil.
Rheological study
The rheological study was performed for all 18 base greases because the viscosity and its variation with temperature are the main properties counting for a good lubricant.
The appearance of rheological curves (shear stress vs. shear rate) is exemplified in Figure 1 Following the appearance, the greases are non Newtonian fluids, the curves presenting a hysteresis, so they are tyxothropic, as normal for lubricating greases. The tyxothropy is more emphasized at lower temperature (20 o C), it decreases with temperature increasing and almost balances out at 50 o C. Also, there is a threshold for taking up fluidization. The rheological curves, at shear rate increasing (ascending curves) or decreasing (descending curves) are best described by Bingham law (Eq. 1):
where: 0 is the threshold (Pa), -the plastic viscosity (kg•m -1 •s -1 or N•s•m -2 ) and ̇ is the shear rate (s -1 ); these can be determined from the rheological curves, graphically or by linear regression, as seen in Table 3 .
The viscosity is a function of the shear rate, and the apparent viscosity ( ) at a certain value of shear stress, can be calculated with Eq. 2:
The parameters: 0 and for the descending rheological curves and the apparent viscosities calculated at ̇ =4500 s -1 are presented in Table 3 for the corn oil based and in Table 4 for the palm oil based greases. As seen in Table 3 and Table 4 , the apparent viscosity always increases with the concentration of the soap and it is maximal at 100 o C manufacture temperature, for both types of greases. The synthesis at 110 o C produced less consistent greases, probably because of higher loss of water during manufacturing; a small concentration of water is necessary in the grease for better "oiliness" of the dispersed system. This is why manufacture at 100 o C is preferable in order to obtain base greases of good quality.
In general, the viscosity decreases with testing temperature, however there are some greases manufactured at 80 o C, with viscosity decreasing between 20 o C and 40 o C, then slightly increasing at 50 o C. This could be due to the model's parameter errors which, in some cases are higher at 50 o C.
By comparing greases obtained from corn oil (Table  3) with those proceeding from palm oil (Table 4) , it results that palm oil greases are more viscous than corn oil greases obtained in the same conditions (soap concentration and manufacture temperature).
Cone penetration and consistency
Hardness of lubricating greases was determined using the cone penetration method. According to NLGI classification, softer grades 0 and 1, are sometimes used in low-temperature applications in order to improve pumpability, while higher consistency indexes (4-6) are proper for high-speed bearings. Table 5 collects the penetration values of greases samples and the corresponding NLGI grades. The penetration values in Table 5 are low for all greases obtained with 20% or 25% wt. soap, at 100 o C (grade 3-6) this indicating that they are pretty hard. Greases with 15% wt. soap are soft, in general. For all products made at 80 o C and 110 o C, the consistency is pretty mutable (from 00 to 5), this indicating that the manufacture process can't be firmly controlled: at 80 o C because too much water remains in the grease, or at 110 o C because too much water was removed from the composition.
Conclusions
A study was performed to find the optimum manufacturing conditions for the corn oil and palm oil based lubricating greases with calcium stearate produced in situ. More precisely, the influences of the manufacturing temperature (80-100-110 o C) and soap concentration (15-20-25% wt) were studied.
Low density variation with temperature and rheological determinations as well as penetration values (3-6 NLGI grades) indicate that the optimum temperature for greases manufacturing is 100 o C and concentration of the soap should be 20-25% wt. Also, the rheological study suggests that palm oil based greases are superior having the apparent viscosity at ̇=4500 s -1 from 1.2 to 2.6 times higher than corn oil based greases, at the same soap concentration and testing temperature.
This study is to be continued with additivation, in order to improve the hardness of the greases without affecting oiliness.
